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Project Overview 
Introduction 
Large, multinational companies like Baxter International Inc. (Baxter) are increasingly exposed to costs 
and risks related to climate change policy. The government regulations aimed at curbing greenhouse gas 
emissions are evolving with significant spatial, temporal, and logistical variability. The resulting 
uncertainty presents a challenge to businesses attempting to develop climate change strategies that 
align with performance goals and stakeholder expectations. Through active engagement, low-regret 
choices, and sustainability initiatives, leading companies have been able to reduce costs and even create 
business opportunities in the short-term. However, the potential value to managing long-term carbon 
emissions-related costs and opportunities remains largely untapped. This study seeks to evaluate future 
policy possibilities in order to inform long-term strategic investments and decisions that will allow global 
companies to better manage these risks and possibly gain a competitive advantage. 
The research focuses specifically on the future consequences of emission management systems in the 
United Kingdom. Recognized for the advanced state of its carbon tax and trading schemes, the UK is a 
useful case study for evaluating the impacts to business and anticipating future outcomes in other 
countries. The UK is also an important manufacturing and customer base for Baxter. 
The effects of carbon pricing will be felt throughout the value chain, from increased costs of supplies, to 
higher energy costs, to demands for energy efficient products and services. This study focused on the 
policy implications for Baxter’s manufacturing plants for several reasons: Baxter is accountable for plant 
emissions; carbon pricing will translate directly to increase plant operating costs; plant emissions are 
directly controllable; and plant energy use represents a significant portion of Baxter’s emissions and 
costs.  
The study quantifies the price effects of long-term climate change policies in the UK on electricity and 
natural gas, which are the primary sources of energy and emissions for manufacturing facilities. 
Projections of alternative “policy scenarios” are developed to examine the price implications if policies 
are more or less stringent than currently expected. The projections also include wholesale energy price 
sensitivity, which greatly influence electricity and gas prices, and have significant future uncertainty. 
The electricity and gas prices are projected to 2030 using an Excel model developed for this study. The 
model is also designed to replicate Baxter manufacturing plant conditions in order to project costs and 
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greenhouse gas emissions at the plant level. By controlling various inputs, the model allows users to 
estimate the long-term consequences of climate change policies for a specific plant of interest.  
The model also allows users to assess potential energy and emission-related plant investments in the 
context of changing climate change policy costs. With input controls to simulate a specific plant and 
energy project, the model offers plant managers and their staff a rapid assessment of the investment’s 
viability.  The inclusion of future policy costs enables more informed analysis of large and long-term 
investments, which are often difficult to justify with standard evaluation techniques. Together, the 
scenario analyses and modeling tools offer decision makers at Baxter new approaches to interpret and 
capitalize on future climate change policies.  
Project history and development 
Baxter enlisted the services of graduate students at the Nicholas School of the Environment at Duke 
University to evaluate the long-term implications of existing and emerging greenhouse gas (GHG) 
emission regulations pertaining to energy use. These include costs associated with UK carbon tax and 
carbon cap and trade systems. The student team quantified these current and expected future costs to 
produce tools and recommendations that inform decision making at multiple levels within the 
organization.  
The Master’s Project is a graduation requirement of the Master of Environmental Management program 
at the Nicholas School. It is a year-long capstone project that addresses a specific environmentally-
related problem for a client and allows students to employ tools and techniques toward an area of 
interest.  
Students Jeff Fish and Kevin Kurkul established a partnership with Dr. Ronald Meissen, Ph.D., P.E., Senior 
Director of Sustainability at Baxter, following a trip to Baxter’s Headquarters in Deerfield, Illinois in the 
spring of 2013. Dr. Meissen and the team developed a project based on mutual areas of interests that 
would offer the company environmental and bottom line value. With a highly dynamic and rapidly 
evolving global climate change policy landscape, international companies like Baxter face significant 
uncertainty over future regulations, and many lack sound approaches to proactively minimize 
environmental impacts, reduce costs, and identify business opportunities. Currently, Baxter is in the 
process of establishing a new global sustainability strategy for 2020, including specific goals and 
measures. Baxter has informed the team the new strategies will include specific goals to increase the 
use of renewable energy in operations and reduce GHG emissions. The students’ work on this project, 
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including assessment of existing and expected future climate legislation, projected cost implications for 
Baxter, and a process to evaluate possible GHG reduction projects is thus timely and will offer 
tremendous value. Therefore, the goal of the project is to anticipate the future regulatory environment 
using the UK as model, inform decisions more globally, and identify opportunities for Baxter to meet its 
business and sustainability goals in a proactive, cost-effective, and efficient manner.  
Given significant complexity and uncertainty of climate change policy at the global level, the work was 
confined to a specific geographic region – Great Britain – a strategically important country for Baxter 
that also has highly developed climate change policies and regulations. Baxter expects these types of 
climate legislation and policies could spread to other nations as their interest in reducing emissions 
intensifies. The work also focuses on a representative Baxter plant in the UK, which is understood to be 
typical of important Baxter manufacturing operations in the UK. These facilities are correspondingly 
larger emitters of greenhouse gases as well as important cost centers that are impacted by UK energy-
related environmental/climate policies.  
The report and tools of the project were developed to be used by anyone in the Baxter organization, 
specifically at the request of Baxter. This allows any Baxter team member to quickly analyze plant 
information and GHG reduction projects. It was understood the tools could be refined to a more 
detailed level in the future to meet the needs of individuals with a greater understanding of the 
respective information and need for such detail in reviewing various options. Because environmental 
impacts and environmental policy related costs occur at the plant level, the project materials are geared 
toward enhancing the understanding and decision making of plant management (plant engineers, plant 
operators and/or plant managers). 
Project materials and structure 
The project includes three main deliverables: 
1. Report – this document (contents described below). 
2. Model – and excel file containing tools for evaluating future plant energy costs and emissions, 
understanding effects of likely climate change policy and energy price scenarios, and comparing 
energy efficiency and emission reduction projects. 
3. Presentation – summary of project’s approach and findings. 
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The report is structured as follows: 
 Section 1 provides an overview of Baxter and the company’s sustainability program. 
 Section 2 describes the global climate change policy landscape and presents key motivations for 
developing climate policy strategies in the near and long-term. 
 Section 3 outlines the design, aspects, and functionality of the model. 
 Section 4 shows how the model can estimate future energy costs and emissions of a 
representative Baxter Plant. 
 Section 5 shows how the model can inform energy project planning decisions. 
 Section 6 offers analysis and strategies for implementing long-term planning and decision 
making. 
 Section 7 offers targeted recommendations for Baxter to consider. 
 Appendices 
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1: Baxter Background and Sustainability Leadership 
Baxter International Inc. company profile 
Baxter International Inc. is a global healthcare company based in Deerfield, Illinois. Founded in 1931, 
Baxter is a leading manufacturer of medical products and therapies with specialty in the areas of 
hemophilia, immune disorders, infectious diseases,  and kidney disease. Baxter products are sold in 
more than 100 countries, with less than 40% of total revenue coming from sales in the United States. 
These products are manufactured at one of over 50 Baxter facilities spread globally across 27 countries. 
In 2013, the company generated $15.3 billion in sales and was staffed by over 61,500 employees. The 
two principal product divisions, Medical Products and BioScience, accounted for $8.7 and $6.6 billion in 
sales, respectively (Baxter, 2014a).   
Sustainability leadership at Baxter 
History of leadership. Baxter is regarded as a longstanding leader in corporate environmental and social 
responsibility with numerous awards and accolades including 14 consecutive years on the Dow Jones 
Sustainability Index and four consecutive years as Newsweek’s greenest U.S. Healthcare company 
(Baxter, 2014b; Newsweek, 2014). Baxter’s commitment to sustainability formally began in 1977 with an 
environmental program and policy on energy conservation. In 1988, the company began their first 
program to reduce packaging material, water consumption, and waste generation. By 1996, Baxter had 
begun public reporting of global GHG emissions and set an initial goal for reducing emissions (Baxter, 
2013).  
These initial goals were updated in 2005 and again most recently in 2008. Currently, the executive-level 
Sustainability Steering Committee manages and prioritizes sustainability initiatives through the “Baxter 
Sustainability Priorities and 2015 Goals.” The program is divided into three broad categories: “Our 
People,” “Our Operations and Products,” and “Our World”. Efforts to reduce GHGs exist across the 
company’s value chain, from operations to transportation, supply chain, and product lifecycle from 
cradle to grave. The company is on track to meet 2015 goals including 20% reduction of U.S. car fleet 
GHG emissions from 2007 baseline, 45% reduction indexed to revenue in operational GHG emissions 
from 2005 baseline, 30% reduction indexed to revenue in energy use compared to 2005 baseline, and a 
goal to increase facility energy usage of renewable power to 20% (Baxter, 2013). 
Progress on climate goals. Baxter has already made significant progress towards the completion of their 
2015 goals related to climate change. As of 2012, Baxter had achieved a 39% reduction in GHG 
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emissions and a 27% reduction in energy usage, both indexed to revenue with a base year of 2005. In 
absolute terms, these equate to a 12% reduction in GHG emissions and a 6% increase in energy usage 
over the same time period. Since 2005, these reductions have amounted to $39 million in annualized 
savings. Additionally, the company sourced 22% of their energy supply from renewable sources, mainly 
through the purchase of renewable energy from electric utilities, use of biomass in certain boilers, and 
purchase of Renewable Energy Certificates (RECs) (Baxter, 2014a).  
Looking to 2020. While Baxter continues to work towards these near-term targets, the company is also 
preparing for the future with long-term sustainability planning and an effort to establish new 
sustainability goals for 2020. These goals seek to build on the framework established with the 2015 
goals by creating more aggressive sustainability targets. With these updated goals, Baxter will seek to 
maintain their status as a sustainability leader while positioning themselves to thrive in an environment 
of ever increasing sustainability challenges. 
2: Climate Change Policy Landscape and Business Drivers 
In the face of global environmental megatrends of climate change and population growth, economists, 
policy experts, and scientists anticipate rising energy costs and regulations to reduce greenhouse gas 
emissions. For international, energy-intensive organizations like Baxter, these issues are increasingly 
material. Carbon regulations are expected to make internal operations such as electricity use, fleet 
transportation, and fuel use more costly. Upstream resources and downstream sinks may become more 
scarce and expensive. Evolving international, state, and local regulations and standards could drive up 
the cost of business. External stakeholders including customers and affected communities may demand 
greater transparency of and accountability for environmental externalities. These dynamic factors create 
risk and uncertainty that increasingly affect bottom-line performance and long-term sustainability. 
The climate change policy landscape 
Kyoto Protocol. In 1995, the first Conference of the Parties (COP) of the United Nations Framework 
Convention on Climate Change (UNFCCC) was held. The conference aimed to bring together nations in 
order to discuss the threat of climate change and to pioneer strategies for reducing impacts on the 
environment. After years of discussion, the Kyoto Protocol was adopted at the third COP in 1997. The 
Kyoto Protocol was revolutionary because it was binding and included measurable GHG emissions 
reductions targets rather than statements of intent to reduce (Broh  et al., 2009). The agreement 
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created an international cap and trade scheme, with unique 2012 GHG emissions targets ranging from 
8% decrease to 10% increase relative to a baseline level. This baseline was usually 1990 emission levels, 
however it could be adjusted in order to avoid unfair penalizing of countries that experienced great flux 
in their emissions levels in the time around 1990  Broh  et al., 2009). 
Emissions Trading. The Kyoto Protocol operated first by allocating Assigned Amount Units (AAUs) to 
each country, representing their total allowed emissions. Next, International Emissions Trading (IET) 
allowed for countries with surplus to sell allowances to countries facing higher emission reductions 
costs. These exchanges were done by trading Emission Reduction Units (ERUs), which are exchangeable 
with AAUs. 
In addition to the IET, the Kyoto Protocol also established the Clean Development Mechanism (CDM) to 
offer additional emission reductions pathways. The CDM allowed for Kyoto-obligated countries to gain 
Certified Emission Reductions (CERs) by financing emission reduction projects in developing countries. In 
order to qualify, each project needs to be certified by proving the principle of additionality. Additionality 
requires that each project is not profitable and is thus made possible only by the financing of the Kyoto-
obligated nation. The principle also requires for the amount of emissions reductions to be measured 
relative to a baseline scenario in which the project is not carried out. In 2011, the CDM accounted for 
300 million metric tons of carbon offsets, making it the second-largest market for carbon-denominated 
assets (Newell et al., 2013). 
The final method for emissions reduction is Joint Implementation (JI). This methodology is similar to that 
of the CDM, but the projects that are financed in this method are carried out in other Kyoto-obligated 
countries, rather than those in the developing world. These projects yield ERUs, which are tradable 
between Kyoto-obligated countries. 
The Kyoto Protocol established the groundwork for emissions caps, and provided a framework for 
trading between nations. However, the nations themselves are not the primary emitters. In order to 
curb emissions, it is necessary to put systems in place to encourage reductions amongst large emitters, 
especially those in the electric power and manufacturing sectors. As a result, many national-level cap 
and trade systems were formed in the wake of the Kyoto agreement. Those systems are outlined below. 
European Trading System. The largest and most well-known GHG market is the European Union 
Emissions Trading Scheme (EU ETS). The market, which has existed in three phases over time, began 
operations in 2005. The first phase began with each EU nation submitting a National Allocation Plan 
10 
 
(NAP). Each NAP was developed independently by each nation and allowed the country to determine 
how they would distribute emissions allowances to achieve their Kyoto targets. Each NAP was submitted 
to the European Commission (EC), where they were reviewed and updated if necessary. In this first 
phase, emissions allowances were distributed mainly through free allocation rather than an auctioning 
process. This phase included all entities in the power sector, iron and steel sector, mineral industries, 
and pulp and paper production, in addition to any facility with thermal input of at least 20 megawatts. 
These covered units combined to account for roughly 46% of all EU GHG emissions (Siikimaki et al., 
2012).  
In 2008, the EU ETS transitioned from the first phase, which was designed to be a pilot phase, into the 
second phase. The second phase included a slight expansion of sectors covered, but the credits were still 
distributed mainly through free allocation. As a result of depressed prices in the pilot phase, the total 
allocation of allowances was reduced by approximately 7% as compared to the pilot phase (Siikimaki et 
al., 2012).  
The third phase of the EU ETS began in 2013 and is scheduled to continue until 2020. Unlike the 
transition between the pilot phase and phase two, the transition to the third phase included many large 
changes to the structure of the program. The third phase eradicated national-level plans and instead 
created one EU-wide cap on emissions. Coverage was expanded to include significant industrial activity, 
including aviation, petrochemicals, and NO2 emissions. The power sector was allocated allowances 
exclusively through government auctions, with all non-power sectors transitioning towards full 
auctioning over time. These auctions were conducted by individual governments, but parties from all 
countries were free to participate (Siikimaki et al., 2012). 
Regional Greenhouse Gas Initiative. Although the United States did not sign the Kyoto Protocol, in 2005 
seven states in the northeast U.S. began a voluntary GHG cap and trade system called the Regional 
Greenhouse Gas Initiative (RGGI). The program, which covers electricity generators, seeks to reduce 
emissions 10% below 2009 levels by the year 2018. The allowances are distributed to the electricity 
generators mainly by means of auctions. The funds raised via these auctions are primarily used to fund 
renewable energy and energy efficiency programs in the host states, although as much as 18% may be 
used for state deficit reduction. Any offsets must be generated through domestic projects, not 
purchased via the CDM. By 2012, three new states had entered into RGGI, and one state had exited. In 
2011, there was a total of 150 million metric tons of emissions covered (RGGI, 2013). 
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Australia. Emissions trading first began in Australia in 2003 with the creation of the New South Wales 
Greenhouse Gas Reduction Scheme (NSW GGAS). The program, which operates in the provinces of New 
South Wales and the Australian Capital Territory, requires a certain amount of emissions offset from all 
electricity generators. This program served as a model for the Carbon Pollution Reduction Scheme 
(CPRS), a national level cap and trade program that was established in 2011. The program is set to 
officially begin in 2015, with an increasing carbon tax put in place until the program begins (Newell et 
al., 2013). 
New Zealand Emissions Trading Scheme. The New Zealand Emissions Trading Scheme (NZ ETS) began 
operation in 2008. As of 2011, the program covered 32 million metric tons of emissions. As a result of 
New Zealand’s small size, the program was constructed to be linked to other GHG markets. Emitters in 
New Zealand have the option of offsetting entirely through the CDM or other markets. To avoid volatility 
being introduced by these other markets, a price ceiling of 25 New Zealand dollars per ton is enforced. 
Allocation in the market is accomplished both by auction and free allocation. Industries that face 
international competition may be allowed as high as 90% free allocation, whereas industries without 
international competition will receive allowances exclusively through auctions (NZ CCI, 2013). 
California and Quebec. In December of 2012, California began operating its own emissions trading 
system. The program mainly covers emitters in the power sector, with some heavy industry covered as 
well. By 2015, the program will be expanded to include transportation fuels, covering a total of 400 
million metric tons of emissions. Approximately two thirds of the allocation of allowances is done via 
auctions, with plans to increase the amount auctioned in the future (Newell et al., 2013). In April of 
2013, it was announced that the California market would link with the market of Quebec, effective 
January 2014 (Von Geyer, 2013). 
Creating a climate change advantage 
As regulatory frameworks to curb GHG emissions emerge around the globe, businesses face increasing 
pressure from governments, concerned stakeholders, and competitors to mitigate emission-related 
costs and risks. Proactive firms are developing strategies to capitalize on emission reductions and gain a 
competitive advantage in the market. 
Reduce costs. Companies can limit the impacts of policies in order to reduce operational costs, most 
often through energy efficiency and renewable energy projects that result in GHG emission reductions. 
In the UK, policy-related costs were responsible for 28% of electricity price increases between 2004 and 
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2011; energy tariffs and taxes are expected to continue increasing in future years (CCC, 2012). Through 
both simple and comprehensive upgrades that begin with “low hanging fruit” such as lighting retrofits, 
energy efficiency projects can offer rapid paybacks and long-lasting savings that accrue over time, and 
which become more cost-effective as policy-related costs continue to rise (Hoffman, 2005). Through 
renewable energy projects such as on-site solar photovoltaic arrays, companies can decarbonize their 
energy sources. In addition to eliminating climate change policy-related costs, these projects also 
enhance energy security and hedge against future energy price volatility. Although renewables often 
require substantial up-front investments, government incentives and novel financing techniques can 
make these projects financially attractive (Kollins, Speer, and Cory, 2010). 
Mitigate risks. With UK gas and electricity prices that have risen by 121% and 79% in real terms between 
2004 and 2011 and are becoming increasingly volatile, climate policy preparedness enables companies 
to be more resilient to large price swings. Companies can reduce exposure to fossil fuel price shocks and 
policy costs through energy efficiency projects, decarbonization, and by learning to anticipate and 
proactively adapt to future market conditions (Standish, 2005). 
Increase stakeholder value. Effective climate change policy management can support company goals by 
improving relationships with governments, NGOs, customers, business partners, and employees. In 
demonstrating social and environmental responsibility brought by climate change proactiveness, a 
company can enhance its standing, influence, and license to operate with regulatory bodies and non-
profit organizations. Employee engagement on environmental issues can enhance workforce 
productivity and inspire people throughout the organization. Similarly, it offers an avenue to engage, 
strengthen relations with, and meet expectations of business partners (Jeswani et al., 2008).  
Strengthen brand and win customers. Climate change action is an increasingly important factor in 
meeting customer expectations and brand management, particularly in the healthcare industry. A strong 
climate change stance enables companies like Baxter to align sustainability programming with core 
values and a mission to benefit human welfare. In an industry where brand reputation and trust are 
crucial, leadership on environmental issues can foster positive consumer perceptions. It is also an 
increasingly important aspect in the maintenance and expansion of relationships with direct customers 
– healthcare providers. For example, one of Baxter’s largest customers is the UK National Health Service 
(NHS), an organization with sustainability goals relating to supply chain and procurement. All NHS 
suppliers must adhere to the NHS Supply Chain Supplier Code of Conduct, which calls on suppliers to 
satisfy climate change regulations and reduce product and operational GHG emissions. Furthermore, all 
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supplier contracts are evaluated using the Sustainable Procurement Risk and Opportunity User Tool and 
are subject to the “Procuring 4 Carbon Reduction” guidelines (UK NHS, 2014). 
Improve financial performance. Corporate climate change performance is more frequently used as an 
investment metric, and leading companies are being rewarded for their environmental and financial 
performance. Activist investor groups such as CERES and sustainability-leader indices like the Dow Jones 
Sustainability Index are recognizing the bottom-line value in responsible business decisions. The Carbon 
Disclosure Project found that  “industry leaders are not only taking critical steps to establish the 
requisite governance, management systems and environmental efficiencies to engage on climate, but 
that they are also generating superior profitability, cash flow stability and dividend growth for investors” 
(CDP, 2013). Specifically, companies with superior climate engagement have +5.2% return on equity, 
+18.1% cash flow stability, and +1.6% dividend growth (CDP, 2013). Another study found that 
sustainability leaders significantly outperform other companies in the long run, with higher stock returns 
and lower price volatility, especially for consumer-facing companies with strong brand and reputational 
drivers (Eccles et al., 2013). 
The Business Case for Long-Term Climate Policy Strategy  
Companies that can effectively anticipate and internalize long-term climate change policy trends stand 
to gain additional advantages over the competition. Decision making and investments can be integrated 
with an understanding of the spatial and temporal variability in policy strength, and the degree of policy 
implementation uncertainty. Regions such as the EU, where long-term policy costs are expected to be 
strong and have a relatively high degree of certainty, can be evaluated against a region like China, where 
investment interest may be strong but there is significant uncertainty over long-term climate change 
regulation implementation and strength. The potential consequences are greatest when making high-
cost, long-term, and geographically-based decisions and investments. Companies can gain a competitive 
advantage by incorporating long-term policy planning in a variety of ways. 
Facilities and infrastructure. Investments in buildings and equipment often have large upfront costs and 
long payback periods, and are therefore difficult to justify in the short-term. In the context of long-term 
climate change policies, there can be greater motivation to pursue these types of projects. Major 
upgrades such a combined heat and power system are highly effective in reducing long-term costs as 
well as greenhouse gas emissions. Process upgrades can deliver energy efficiency improvements and 
enhance productivity (Pinske and Kolk, 2005). These projects accrue cost savings for many years, reduce 
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exposure to energy and policy cost increases, and can generate additional value by supporting 
sustainability goals, reducing production costs, and enhancing product quality and environmental 
performance (Schultz and Williamson, 2005). 
Energy procurement. Long-term climate change policy analysis can aid in cost-effective long-term 
energy procurement decisions. An improved understanding of long-term policy costs for specific energy 
sources can significantly alter major energy investment decisions. Because energy-intensive 
manufacturing processes often require fuel-specific equipment and large up-front costs, an 
understanding of the  future policy costs of each fuel could be critical in minimizing long-term costs. 
Knowledge of long-term policy strength and uncertainty can also inform energy-purchasing contracts. 
Savvy planners may benefit from a multiyear fixed-rate energy contract if policies are expected to raise 
market prices. They may also see additional value by investing on-site renewable energy generation 
where a pre-determined rate compares more favorably to market price increases and volatility. 
Site selection. New manufacturing facilities are a high-cost option with little future flexibility that are 
greatly affected by long-term climate policy effects. Multinational companies such as Baxter should 
incorporate their understanding of climate change policy strength and uncertainty into site selection 
decisions in order to minimize long-term operating costs.  
Products and markets. The diversity long-term climate change policies will impact future product and 
market demands. By anticipating these demands, investing in technology, and fostering innovation, 
forward looking companies can gain a competitive advantage by developing a pipeline that will meet 
future needs. Opportunities exist in the product design phase by utilizing Design for Environment 
principles (Boiral, 2006). Material sourcing and product manufacturing can be improved by supporting 
innovation to reduce costs and environmental impacts (Weinhoder and Hoffman, 2010). And new 
markets can be anticipated and developed to support early entry and capture market share (Sprengel 
and Busch, 2010). 
Budgets and goal planning. The ability to plan for long-term climate policy costs will assist in corporate 
management and planning. Future policy effects can be incorporated across the organization, from long-
term corporate vision statements to yearly budget planning within specific organizations. It can be used 
to help assess managerial performance and set goals. It can aid in the development of sustainability 
program priorities and goal setting. 
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3: Model Design 
While climate change policy is gaining traction around the world, there is still the perception of limited 
value in managing carbon emissions, and even less perceived value in proactively developing long-term 
and comprehensive strategies. This research quantifies future policy costs for Baxter plants in the UK in 
order to internalize the cost of carbon and help inform investment decisions. A quantitative model is 
developed to make tangible both the costs of future climate change policies and the benefits of projects 
that reduce energy use and emissions.  
Introduction to the model  
Model overview. The Baxter Plant Model allows users to estimate the future energy costs and 
greenhouse gas emissions of a Baxter plant in the UK. Model inputs can be adjusted to accurately reflect 
plant operating characteristics, such as energy consumption and the price paid for electricity. Users can 
also evaluate the costs and benefits of projects that affect the plant’s energy and emissions 
characteristics. The model also quantifies the impacts of climate change policies on future energy bills, 
and includes sensitivity analysis to address the likely range of future policy and energy costs. Results of 
the model are projected through 2030. 
The purpose of the model is to assist in long-term planning and decision making at Baxter’s plants. 
Because of this, the model is intended to simulate to characteristics of a single plant, and results are 
geared toward those making decisions at the plant level. There are numerous applications for which the 
model can be used, but the primary motivations in creating the model are to extend the planning 
horizon and increase awareness of future climate change policy costs. The primary uses of the model are 
to estimate future energy bills and evaluate plant upgrade projects under various policy and energy 
price scenarios. The results of such analyses will help inform decisions such as whether to switch energy 
providers, how to meet carbon reduction goals in the most cost effective manner, and which upgrades 
most effectively mitigate effects of energy price fluctuations. The model was designed for accessibility, 
with simple input controls and output tables and figures, allowing users throughout the Baxter 
organization to leverage this resource. Results could be applied to assist a plant manager in making the 
business case for an LED lighting upgrade, help energy procurement compare the long-term costs of 
utility contract proposals, or even inform site selection for a new plant. The model’s simplicity and 
flexibility will allow it to be used in many other ways. For this reason, the model’s purpose is to offer a 
top-line estimate of future cost possibilities to inform whether additional, more detailed analysis is 
warranted. 
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Model components. The model forecasts costs and emissions of a dual fuel bill (electricity and natural 
gas), which typically covers the majority of a plant’s energy costs as well as scope 1 and scope 2 
emissions. Most simply, an energy bill is the product of the quantity of energy consumed and price per 
unit of energy. The price of energy will vary depending on the energy provider, local taxes, market prices 
for fossil fuels, among other factors. The four main components of an energy bill are: 
 Wholesale energy costs – the price that energy suppliers pay for electricity and gas. It is the 
largest component of an energy bill. This price reflects the market price of fossil fuels, which is 
affected by pricing strategies employed by energy suppliers such as hedging, storage, and 
advance purchasing.  
 Network costs – the costs related to transmission, distribution, and metering required to 
physically transmit the energy. Aspects include natural gas pipelines, electrical lines, and 
transformers. 
 Supplier costs and margins – the operational costs and profits of the supplier’s business. 
 Environmental policy costs – the taxes and charges imposed by the government to promote 
energy efficiency and reduce greenhouse gas emissions (DECC, 2014).   
Wholesale energy costs are the largest component of both electricity and gas bills, at 51% and 65%, 
respectively (Figure 1). Supply and networking costs represent around a quarter of an energy bill, and 
policy costs on average constitute 23% of electricity bills and 14% of gas bills (DECC, 2013a).  
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Figure 1: Components of electricity and gas bills for a medium sized industrial facility in the UK in 2013. 
Estimates are for businesses subject to the CRC Energy Efficiency Scheme (DECC, 2013a). 
 
While network and supplier costs are relatively stable, future UK climate change policies and wholesale 
energy prices are much more uncertain. Future policies will depend many factors including economic 
growth and the progress of global climate change agreements. Wholesale energy costs are closely 
associated with international fossil fuel prices. To address these uncertainties, a main functionality of 
the model is to project energy prices with policy scenarios and wholesale energy cost sensitivity analysis. 
The model presents three future climate change policy scenarios. The three scenarios represent 
potential future policy landscapes based on the market outcomes of several UK-specific and EU-wide 
carbon markets.. In addition, because wholesale energy costs are the largest component of an energy 
bill and because future global energy prices are highly uncertain, the model also includes wholesale 
energy cost sensitivity. The most likely case is the central case, and sensitivity is presented with high and 
low fossil fuel price boundaries. Given three policy scenarios and three wholesale energy cost 
possibilities, there are a total of nine outcomes in the model (Table 1). 
 
 
 
51% 
22% 
4% 
23% 
Medium sized industrial electricity 
bill components (CRC participant) 
Wholesale energy cost 
Network costs 
Other supplier costs and margins 
Energy and climate change policies 
65% 
13% 
8% 
14% 
Medium sized industrial gas bill 
components (CRC participant) 
Wholesale energy cost 
Network costs 
Other supplier costs and margins 
Energy and climate change policies 
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Wholesale 
energy cost 
Climate change policy scenario 
Low Central High 
Low Low policy, low energy Central policy, low energy High policy, low energy 
Central Low policy, central energy Central policy, central energy High policy, central energy 
High Low policy, high energy Central policy, high energy High policy, high energy 
Table 1: The nine energy price outcomes included in the model, developed from three climate change 
policy scenarios and three wholesale energy cost sensitivity cases. 
 
Further explanations and values of the policy scenarios, energy sensitivity, and the other model 
components are provided later in this section. 
Model Application 1: Plant Forecaster. The model is organized into two distinct applications, Plant 
Forecaster and Project Planner. The Plant Forecaster application allows users to construct a specific 
plant and project future energy consumption levels, costs, and greenhouse gas emissions.  
The model includes two levels of inputs, the primary and secondary inputs. Both input sections include 
default values, but it is highly recommended that at least the primary inputs are modified to depict the 
plant of interest. The primary inputs are: 
 Plant name 
 2013 Electricity use (MWh/year) 
 2013 Gas use (MWh/year) 
The plant name will appear throughout model results to help ensure that data is entered and properly 
interpreted in the model.  Electricity Use and Gas Use are values for the annual amount of energy in 
megawatt-hours used by the plant in the initial year.  
Secondary model inputs include: 
 Expected annual change in electricity use 
 2013 price of electricity (£/MWh) 
 Proportion of electricity from the standard grid 
 Proportion of electricity from renewable sources 
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 Expected annual change in gas use 
 2013 price of gas (£/MWh) 
The expected annual change in electricity and gas allows users to define an increase or decrease in the 
amount of gas used per year, averaged for every year in the model. For example, if a plant manager 
anticipates annual production increases that will result in more electricity used per year, the value might 
be entered at +1%. Conversely, if production is steadily declining or energy efficiency is increasing, the 
annual change might be -1%.  
Energy price is the unit price for gas or electricity paid to the energy company, entered in British Pounds 
per megawatt-hour (prices can be converted from pence/kWh by multiplying by 10). Prices should be 
the plant’s average rate in 2013. 
The proportion of electricity from standard grid and renewable sources allows users to estimate GHG 
emissions generated by the plant. Standard grid electricity is based on average UK grid intensity. If the 
plant uses renewable electricity in addition to what is included in the UK grid, such as wind or solar, the 
plant’s emissions will be adjusted. The sum of standard grid and renewable electricity must be 100%.  
For simplicity, the primary outputs of the model are expected annual energy costs and greenhouse gas 
emissions for milestone years 2013, 2020, and 2030. The primary output section also includes percent 
change of these figures relative to the initial year. 
The output also includes a summary of future costs for the nine possible outcomes. The results are 
presented as a table of cost differentials from the Reference Case for the three milestone years.  
Several summary graphs allow visual interpretations of the results. It is important to note that the axes 
are set to automatically fit the model results, so the scale of the Y-axes may change as inputs are 
altered. Analysis of results is included in for a representative plant in the next section. Appendix B 
provides guidance for using the model. 
Model Application 2: Project Planner.  
The second application, the Project Planner, allows the user to build on the plant developed in the Plant 
Forecaster through the addition of a user-defined energy-saving project. The Project Planner makes use 
of the projections to calculate environmental and financial metrics for the proposed project. 
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The model includes five inputs to be determined by the user. The inputs are: 
 Initial Investment (£000's) 
 Annual O&M Cost (£000's) 
 Electricity Savings (MWh/year) 
 Gas Savings (MWh/year) 
 Discount Rate 
The initial investment and annual O&M costs allow the user to input the financial structure of the 
project, both as a one-time cost and an annualized payment. The investment occurs in 2014, and the 
annual costs and benefits accrue equally in each year from 2015 to 2030. If the project is using an 
investment-free financing option as offered by certain suppliers, the cost of the project can be entered 
as purely annual O&M (Dulas, 2014). The benefits from the project are assumed to be equal in each year 
that the project is operational. Thus the user can input the savings (or expansion) in electricity and gas 
consumption in MWh per year. Finally, a discount rate is entered to determine the financial outcomes of 
the model.  
The primary outputs of the model are the total emissions avoided as well as four financial metrics: 
cumulative energy cost savings, net present value, internal rate of return and payback period. The 
financial metrics all assume a 16 year lifetime for the project, beginning in 2015 and lasting until 2030. 
The output also includes a table to compare the financial metrics within the nine combined scenarios. 
Finally, two graphs are included to display how cost savings and the avoided emissions evolve over time. 
General assumptions and limitations of the model. The accuracy of the model requires that it reflects 
conditions specific to Baxter manufacturing plants in the UK. Therefore, the model relies on information 
and assumptions that limit its range of use: 
 The model is intended to provide a rough estimate of future cost and emission possibilities. 
There are many factors that will affect future costs and the model is constructed around the 
most likely future conditions given current expectations, while offering high and low scenarios 
for climate change policy and wholesale energy costs. Estimates become increasingly uncertain 
as the model extends beyond the near-term. 
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 The model is solely designed to accommodate Baxter plants in the United Kingdom. The 
components of the bill are based on the assumption that the plant is a commercial enterprise 
located in the UK that is subject to standard energy fees. The rates used in the model are 
averages of a range of possible rates for a medium sized industrial energy user, based on 
EuroStat definitions where annual consumption of gas is between 2,778 and 27,777MWh and 
annual consumption of electricity is between 2,000 and 19,999MWh (DECC, 2013a). In reality, a 
plant smaller than average is could face higher rates while a larger plant with greater economies 
of scale and the ability to negotiate prices could have lower rates. The decision to use an 
average medium-size industrial customer was based on analysis of Baxter’s plant energy use  
which is described in the next section. 
 The policy scenarios in the model are based on central energy price projections. However, if 
future energy prices and energy consumption increases, the effectiveness of some policies will 
be reduced and costs would be greater. Likewise, if future energy prices are higher, the cost of 
some policies would be less (DECC, 2013a). 
 The model is agnostic to the type of plant, whether Medical Products or BioScience. 
 The model assumes that all policy and marginal energy costs issued to the supplier are passed 
through to customers, and that these costs are spread evenly among all customers based on 
energy consumption (DECC, 2013a). This assumption is key to the model because it allows for 
the cost burden of any carbon policy to be passed through to the final energy consumer, 
regardless of the structure of the policy or who the policy was levied on.  
 Because of data limitations for the current year, the beginning period for the model is 2013. 
Unless otherwise noted, all prices are listed in real 2013 British Pounds. 
 The model does not address the relative competitiveness of Baxter plants in the UK to other 
companies or regions of the world. There are many other factors that should be considered 
when developing a business strategy. 
 Assumptions relating to specific aspects of the model are addressed in the rest of this section. 
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Policy Scenario Development 
Policies considered. In order to understand the cumulative impacts of energy and climate policies on 
end-users, it is necessary to examine the specific regulations and schemes that contribute to increased 
energy bills. For this analysis, the price implications of seven separate polices are considered. The basic 
structure of these policies, as well as the estimated financial impacts on end-users of electricity, are 
detailed in Table 2. 
Electricity Policy Impacts 
(Real 2012 £/MWh) 2013 2020 2030 
EU ETS  2 4 12 
CCL 5 5 5 
CPF 1 11 10 
CRC EES 6 2 2 
RO 8 13 5 
EMR  0 10 24 
Small-scale FITs 2 5 4 
Table 2: The price implications over time for all seven policies on a medium-sized UK business. (DECC, 
2013a). 
 
 European Union Emissions Trading System (EU ETS) – the basic mechanism for establishing a 
carbon price for the entire EU. This analysis does not consider the allowance costs that are 
levied on a small percentage of businesses that consume the most energy. Rather, the costs are 
applied to the electricity generators, and then these costs are passed on to customers via 
increased energy bills. Between 2004 and 2011, the EU ETS accounted for an increase of 
approximately 0.4 p/kWh for UK energy bills (CCC, 2013). 
 Climate Change Levy (CCL) – introduced in 2001, the CCL is a tax on energy used for lighting, 
heating, and power in the business and public sectors. In addition, a second aspect of the CCL 
called the Carbon Price Support (CPS) was introduced in April 2013 to tax specified energy 
generation inputs like coal and gas when not being used for combined heat and power systems 
(HM Revenue & Customs, 2014). In addition to these two rates, the CCL also includes Climate 
Change Agreements (CCAs), which allow for up to 90% discounts on the CCL rates for energy 
intensive, trade exposed businesses if the organization agrees to meet specific energy efficiency 
or emissions reduction targets (UK Gov, 2014a). In 2011, the CCL cost 0.5 p/kWh for electricity, 
but 60% of firms received a 65% discount via CCAs, so the average industry payment was 0.3 
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p/kWh (CCC, 2013). In 2013, the CCL prices were £5.24/MWh for electricity and £1.82/MWh for 
gas without CCAs, which should remain constant in real terms through 2030 (DECC, 2013a). 
 Carbon Price Floor (CPF) -  the second major component of the carbon price faced by UK energy 
users. First introduced in 2013, the CPF is designed to alleviate concerns for low carbon energy 
investments in the event of low prices in the ETS market. The CPF sets a minimum price for 
carbon emissions, rising linearly from £15.70/ton CO2 in 2013 to £30/ton in 2020, then again 
rising linearly to £70/ton in 2030, all in real 2009 prices (IEA, 2012). These prices are achieved by 
adjusting the CPS tax rates on relevant electricity generators so that the CPS and ETS rates sum 
to the CPF price for that year. To accomplish this, the CPS rates are set two years in advance 
based on the most recent ETS price projections. Combined with the ETS rates, carbon pricing is 
expected to account for over 30% of policy impacts on energy bills in 2020 and over 40% of 
impacts in 2030 (DECC, 2013a). 
 CRC Energy Efficiency Scheme (CRC EES) – formerly known as the Carbon Reduction 
Commitment, the CRC EES was established in 2010 to cover large firms not already subject to 
ETS or other carbon pricing schemes. The CRC EES requires all organizations that use more than 
6,000 MWh of metered electricity per year to purchase CO2 allowances based on their grid 
consumption. In Phase 1, lasting until March 2014, allowances are valued at £12/ton CO2. In 
Phase 2, allowances can either be purchased at the beginning of the year for the forecasted 
emissions at a rate of £15.60/ton CO2, or purchased after emissions have been measured at a 
rate of £16.40/ton CO2.  
 Renewables Obligation (RO) – legislation introduced in 2002 that requires electricity generators 
to provide a certain percentage of their delivered electricity from renewable energy sources. 
The policy establishes Renewable Obligation Certificates (ROCs), which are given to generators 
based on how much renewable energy they generate. The ROCs are then sold to energy 
suppliers, who must turn in the necessary level of ROCs to the UK government when delivering 
electricity. In 2010/2011, the RO mandated that 11.1% of electricity be sourced from 
renewables (UK Gov , 2014b). Between 2004 and 2011, energy bills increased on average by 0.4 
p/kWh as a result of the RO (CCC, 2013).  
 Electricity Market Reform (EMR) – a collection of several policy measures designed to address 
fundamental issues in the UK electricity market design. The first of these policies is a feed-in 
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tariff contract for difference (FiT CfD), designed to replace the RO as a finance tool for 
renewables in 2016. The FiT CfD provides a guaranteed electricity price for low carbon 
generators, with an agreement to refund or subsidize any discretion between the market and 
contract prices (IEA, 2012). The second policy is the introduction of a capacity mechanism set for 
launch in 2020. The capacity mechanism is designed to ensure grid reliability as more 
intermittent generation is added to the production mix (IEA, 2012). Finally, an Emissions 
Performance Standard (EPS) was put in place to ensure that all new installed generation emits 
GHG at a rate of 450 g CO2/ KWh or less.  
 Small Scale Feed-in Tariffs (FITs) – established in 2010 in order to encourage low-carbon 
generation by households and small businesses. This policy established FiTS similar to those 
under the EMR, however without the contract for difference. The plan offers contracts for all 
renewable generation less than 5 MW (UK Gov, 2014c). 
Policy Scenarios. Inherent in any projection of the future is uncertainty. To address this uncertainty, the 
model includes three policy scenarios with corresponding financial impacts. These scenarios allow for 
testing the sensitivity of the model outputs relative to changes in the policy inputs, primarily the carbon 
price mechanisms. The design of the three policy scenarios are detailed below: 
 Central – The CPF is abandoned, leaving the ETS as the sole determinant for CO2 price. Despite 
the loss of the CPF, the ETS market recovers and returns to expected prices per ton. 
 High – The CPF remains in place through 2030, generating high carbon prices well above those 
of the ETS market.  
 Low – The CPF is abandoned, and the ETS market fails to recover effectively from the low prices 
that began during the economic recession. 
Additional Model Variables 
Controllable inputs. Several aspects of the model can be controlled by the user in the input sections of 
the two applications. While these aspects contain default values based on data averages, they can be 
easily adjusted to better reflect the specific plant of interest. In the Plant Forecaster, variable inputs 
include: 
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 2013 electricity and gas use – The default input for these variables are 15,000MWh for 
electricity and 10,000MWh for gas, based on rough estimates of Baxter plants in the UK 
(calculations are detailed in the next section). 
 2013 electricity and gas prices – The default inputs for these variables are £105/MWh for 
electricity and £37/MWh for gas, based on the DECC’s estimates for the average unit costs for 
medium sized industrial users in the UK that are subject to the CRC Energy Efficiency Scheme 
(DECC, 2013a). 
 Expected annual change in energy use – The default input for this variable is 0%, meaning there 
is no year over year change in energy use across the forecast period. The model does not 
assume changes in a plant’s energy use, due to increases in production, increases in energy 
efficiency, or from other causes. However, overall estimates of average annual change can be 
included in the analysis by adjusting this input. 
 Proportion of electricity – The default inputs for standard grid and renewable electricity are 79% 
and 21%, respectively. These estimates are based on an average of Baxter’s 2012 renewable and 
total electricity use, which were 1,002 million kWh and 207 million kWh respectively (Baxter, 
2013). It is important to prevent double counting of renewable electricity that might occur if the 
standard grid electricity includes renewable energy sources, which is not accounted for in the 
breakdown of grid and renewable electricity sources in the model. 
The controllable inputs in the Project Planner application are: 
 Investment cost – The initial investment cost for the project that occurs in the 2014. In the 
example project, the investment cost is £1,315,000. 
 Annual O&M Cost – The annual operational costs for all years that the project is active,  from 
2015-2030. This field can also be used to enter annualized payments if the project is being 
financed through a loan or other long term financing options. The annual O&M cost is £30,000 
in the example project. 
 Energy savings – The savings, in megawatt-hours per year, that are experienced in both 
electricity and gas for each year that the project is active. In the example project, the electricity 
savings are 2,628 MWh/year and the gas savings are 0 MWh/year.  
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 Discount rate – The rate used for calculating financial outcomes of the model. The default value 
is 8%. 
Fixed inputs. These aspects provide underlying information for the model and are not intended to be 
adjusted by the user. Their values are based on current figures and future expectations in the UK. They 
include: 
 Network costs – The network costs for delivering electricity and gas are based on current DECC 
estimates. Electricity network costs increase linearly between 2013, 2020, and 2030 from 23 to 
28 to 30 £/MWh. The DECC rates are based on supplier revenue controls and growth rates 
issued by Ofgem, the regulator of UK gas and electricity markets. The near term rise in costs is 
due to expected turnover of aging transmission and distribution infrastructure (DECC, 2013a). 
The gas network costs are also based on DECC projections, which are modeled at linear 
increases between 2013, 2020, and 2030 from 5 to 6 to 7 £/MWh. DECC’s forecasts are 
developed from historical averages and trends using Ofgem data (DECC, 2013a). The current 
figures are generally consistent with other estimates of network costs and the IEA’s projections 
for the EU region (DECC, 2014; IEA, 2013). 
 Other supply costs and margins – The supplier costs and profit margins are relatively stable. 
Electricity costs in the model increase linearly from 4 to 5 £/MWh between 2013 and 2030. Gas 
costs remain fixed at 3 £/MWh through the model period. Projections are from the DECC, which 
calculated operating costs and supplier profit margins using data reported by the six largest 
energy suppliers to Ofgem, and is consistent with Ofgem’s publications  DECC, 2013a). Current 
figures are similar to estimates developed by other organizations (DECC, 2014). 
 Standard electricity carbon intensity – The values for grid carbon intensity represent current 
values and future expectations for greenhouse gas emission intensity of average electricity in 
the UK. These values are used in the model to estimate the emissions resulting from the plant’s 
electricity consumption in current and future years. Intensity figures are based on a 2013 UK 
Parliament Impact Assessment for Electricity Market Reform (DECC, 2013b). Future emissions 
follow the most likely path required to achieve a 100 grams CO2 per kWh in 2030, a target based 
on the country’s economy-wide carbon budget outlined in the Climate Change Act of 2008. In 
2016, the UK government will decide whether to set an official target for the UK power sector, 
and if so, at what intensity level. The UK’s Committee on Climate Change is calling for a more 
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stringent 50g target while a future reality with less grid decarbonization is also possible. These 
alternative cases would significantly alter emissions projections in the model. However, there is 
less uncertainty about grid emission intensity through 2020, because many near-term 
infrastructure plans are already in place. The model uses the DECC’s projections of a steep 
decline from 500g/kWh in 2013 to around 190g/kWh in 2020, followed by a period of small 
fluctuations to a level of 100g/kWh in 2030 (DECC, 2013b). Emission intensity values were 
adjusted to prevent double counting of emissions related to transmission and distribution losses 
and thereby more accurately reflect a plant’s scope 2 emissions (per UK Government and CDP 
corporate reporting guidelines). To do this, the emission intensity values were reduced by 7.5%, 
the average of UK grid losses in recent years (DEFRA, 2013). 
 Renewable electricity carbon intensity – The greenhouse gas emissions from renewable 
electricity sources is assumed to be 0. 
 Gas carbon intensity – The greenhouse gas emission factor for direct combustion of natural gas 
is 184 gCO2/kWh throughout the model’s projection period. This value is based on UK 
government corporate reporting standards, and represents the gross calorific value as opposed 
to net value, because the gross value is more commonly reported by UK energy providers 
(DEFRA, 2014).  
 Wholesale price effects – The effects of electricity market reform  EMR) on the UK’s generation 
mix and wholesale energy prices. The net effect is to reduce electricity prices by 6 £/MWh in 
2020 and 3 £/MWh by 2030. 
 Market price differential – The model corrects for differences between 2013 retail energy price 
provided by the user and the constructed energy price by introducing a price differential. The 
difference between the user’s 2013 rate and the model’s 2013 rate is carried through as an 
additional cost or saving in order to allow real customer prices to vary from the model’s average 
price. 
Wholesale energy cost sensitivity. Wholesale energy costs are the largest component of an energy bill 
in the UK. Wholesale costs have increased dramatically in recent years, are highly volatile, and have 
great uncertainty in the future because they are closely linked to global fossil fuel market prices. For 
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these reasons, the model includes sensitivity analysis to quantify the possible impacts of the dynamic 
global energy market on electricity and gas bills.  
As shown in Figure 1, wholesale energy costs are the largest single component of commercial gas and 
electricity bills, averaging 65% and 51% respectively. Therefore, even minor changes to wholesale 
electricity or gas costs will translate to large energy price differences for energy customers (DECC, 
2013a). 
Wholesale energy costs are closely linked to the cost of energy generation. In the UK, where gas 
generation is the marginal, or price-setting plant type, changes to the variable cost of generation are 
reflected in the price of electricity (Figure 2). The fluctuations in fossil fuel market prices are passed 
through to energy customers, exposing them to the volatility of energy markets (DECC, 2013a). 
 
 
Figure 2: Baseload electricity prices (blue, upper line) and the cost of gas generation in the UK between 
2007 and 2012 (DECC, 2013a). 
 
The link between wholesale energy costs and fossil fuel markets has resulted in steadily rising and 
increasingly volatile energy prices (Figure 3). The average wholesale gas price in recent years is more 
than twice the pre-2004 rates. The price variability also increased significantly after 2004. The shift is 
largely a result of the UK becoming a net gas importer in 2004, which increased its exposure to global 
fossil fuel markets. Because UK pipelines now connect to mainland Europe, wholesale gas prices are 
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affected by Europe’s oil-indexed gas pricing system, which has caused the rising global oil prices to 
impact gas prices. While an oversupply of gas in recent years has weakened the oil-gas link, future gas 
prices in the UK are expected to continue to be influenced by global oil prices (DECC, 2013a).  
 
 
Figure 3: Monthly average day ahead National Balancing Point (NBP) natural gas prices in the UK 
between 1996 and 2012 (DECC, 2013a). 
 
To capture the possible effects of the dynamic global fossil fuel market on UK gas and electricity prices, 
wholesale energy cost sensitivity was included in the model. The sensitivity analysis is based on DECC 
modeling of future electricity and gas prices possibilities under three future global fossil fuel market 
conditions. Unlike the policy scenarios which represent specific world states, the sensitivity analysis is 
based on the best estimate of future wholesale energy costs, with high and low boundaries to capture 
the range of possibilities. The three projections are: 
 Central wholesale energy costs – The most likely case, based on current best estimates of future 
outcomes, defined as “timely investment and moderate demand” by the DECC  DECC, 2013c). 
The prices are consistent with an oil price of $124/barrel, a wholesale gas price of 72p/therm, 
and a coal price of $120/metric ton in 2012 (real 2012 prices). 
 Low wholesale energy costs – A forecast of energy prices based on “low global energy demand” 
(DECC, 2013c). The prices are consistent with an oil price of $93/barrel, a wholesale gas price of 
41p/therm, and a coal price of $76/metric ton in 2012 (real 2012 prices). 
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 High wholesale energy costs – A forecast of “high demand and producers’ market power”  DECC, 
2013c). The prices are consistent with an oil price of $151/barrel, a wholesale gas price of 
102p/therm, and a coal price of $164/metric ton in 2012 (real 2012 prices). 
The wholesale gas and electricity costs associated with the three energy sensitivity cases were 
developed from 2013 DECC reports (DECC, 2013a; DECC, 2013c). These prices were compared to other 
projections and historical prices (Appendix 3). After accounting for underlying policy costs included in 
the DECC’s wholesale electricity cost projections, the wholesale costs included in the model were: 
 
 
Wholesale energy cost (real 2012 £/MWh) 
 
Electricity Gas 
Year Low Central High Low Central High 
2014 45.0 55.3 70.2 18.7 24.1 31.9 
2015 44.5 56.2 69.5 17.2 24.3 31.6 
2016 41.7 55.7 69.4 16.2 24.4 32.2 
2017 39.8 55.9 69.6 15.2 24.6 32.5 
2018 38.6 56.6 70.3 14.1 24.7 32.8 
2019 38.4 56.8 71.4 14.2 24.9 33.9 
2020 38.6 57.6 73.2 14.3 25.0 35.0 
2021 38.4 57.2 73.7 14.3 25.0 35.7 
2022 38.5 57.0 73.0 14.3 25.0 35.7 
2023 38.7 57.0 72.4 14.3 25.0 35.7 
2024 39.5 57.0 73.2 14.3 25.0 35.7 
2025 39.3 56.4 71.9 14.3 25.0 35.7 
2026 39.3 56.2 71.2 14.3 25.0 35.7 
2027 38.5 55.1 68.5 14.3 25.0 35.7 
2028 39.5 55.9 69.3 14.3 25.0 35.7 
2029 39.1 56.0 69.7 14.3 25.0 35.7 
2030 39.2 55.7 68.5 14.3 25.0 35.7 
Table 3: Wholesale costs of electricity and natural gas for each sensitivity case and year in the model.  
 
The wholesale energy costs, along with the policy scenarios and other fixed inputs, are incorporated into 
the Excel-based model as the foundation for determining plant energy costs and project viability in the 
two applications. 
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4: Results of Plant Forecaster Application 
The Plant Forecaster application estimates energy costs and greenhouse gas emissions of Baxter plants 
in the UK from 2013 through 2030. Users are able to control inputs in order to estimate a specific Baxter 
plant. The model outputs results for each of the three policy scenarios and three wholesale energy price 
cases, for a total of nine possible outcomes. 
Representative Baxter Plant Case Study 
Example plant design. In order to demonstrate the functionality of the model, a representative Baxter 
plant was estimated using public data and then input into the model. The example plant was primarily 
constructed using data reported by Baxter through the Carbon Disclosure Project (CDP, 2014). The CDP 
reports contain information on scope 1 and 2 emissions as well as purchased electricity at a country-
level. It is assumed that Baxter emissions are divided between their two types of plants, BioScience and 
Medical Products, based on sales. Furthermore, it is assumed that all plants of each type are identical. 
These assumptions are applied in order to calculate the energy usage of the example plant: 15,000 MWh 
of electricity and 10,000 MWh of gas consumed per year.  
Additional plant assumptions. It was also assumed that the example plant expects no change in energy 
consumption and that 2013 energy prices match UK averages of £105/MWh for electricity and 
£37/MWh for gas. The amount of energy consumed by the plant was assumed to remain at 2013 levels 
through the projection period.  
Application results 
Energy rate projections. The Plant Forecaster estimates gas and electricity costs per unit of energy and 
for an entire plant. Analysis of per unit energy costs allows users to isolate the changes in energy prices 
apart from the amount of energy consumed by the plant.  
In the “central case”  central policy scenario and central wholesale energy prices), electricity prices 
increase moderately and gas prices increase slightly between 2013 and 2030 (Figure 4). Between 2013 
and 2020, the electricity rate increases by 17%, from £105/MWh to £123/MWh. The rate continues to 
increase at a slower rate to £140/MWh in 2030, for a total increase of 33% from a 2013 baseline. While 
network costs contribute somewhat to the price increase, the majority of new costs comes from 
additional polices, which account for 51% of the increase between 2013 and 2020, and 75% of the 
increase between 2013 and 2030. 
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Gas prices increase from £37/MWh in 2013 to £39/MWh in 2020, an increase of 5%. By 2030, the gas 
price is £40/MWh, a 8% increase from the 2013 baseline. The increase in gas price is due to slightly 
higher network and wholesale energy costs, while policy costs remain small and unchanged. The 
findings of the model are consistent with the DECC’s projections once policy costs specific to Baxter 
plants are accounted for (DECC, 2013a). 
  
 
Figure 4: Gas and electricity rate projections for milestone years, broken down by the major 
components of an energy bill. 
 
Policy scenario projections. The model compares “central case” electricity and gas price projections 
with the alternative policy scenarios. In order to isolate the effects of the three policy scenarios, all 
projections assume the central wholesale energy cost projections.  
The results show that electricity rates increase through the projection period for all three policy 
scenarios (Figure 5). The low scenario tracks the central scenario to 2020 before increasing at a faster 
rate to 2030, while the high scenario increases at a steadily faster rate than the central scenario. By 
2030, the high scenario results in an electricity price of 162 £/MWh, a 54% increase from 2013 and 16% 
higher than the 2030 central scenario. The 2030 low scenario price is 128 £/MWh, 22% higher than the 
2013 baseline and 9% less than the 2030 central scenario. 
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Gas prices are lower than electricity prices and less affected by climate change policy scenarios. In 2030, 
prices range between £40 and £42/MWh, which represents increases between 8% and 14% from the 
2013 baseline price of £37/MWh. 
 
Figure 5: Electricity and gas price projections for the three policy scenarios and the central wholesale 
energy price case, from 2013 to 2030. Electricity prices (dashed lines) begin at 105 £/MWh and gas 
prices (solid lines) begin at 37 £/MWh. 
 
Wholesale energy price sensitivity. Effects of wholesale energy cost possibilities are similarly isolated by 
comparing the three wholesale energy cost cases under the central policy scenario (Figure 6).  
The projections shows that wholesale energy cost has a large effect on future electricity prices. Low 
wholesale energy costs could reduce the electricity price from  £105/MWh to £97/MWh in the short-
term before increasing to £123/MWh, an overall increase of 17% from the 2013 baseline and 9% less 
than the central energy price in 2030. In the high case, rates increase sharply to £138/MWh in 2020 and 
increase steadily to £152/MWh in 2030. The 2030 high case is 45% higher than the 2013 base rate and 
9% higher than the 2030 central case. 
Gas prices also vary significantly with sensitivity to wholesale price. In the low case, the 2030 gas price is 
£29/MWh, 21% less than the 2013 baseline and 27% less than the 2030 central case. In the high case, 
the 2030 gas price is 51 £/MWh, 37% greater than the 2013 baseline and 27% greater than the 2030 
central case.  
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Figure 6: Electricity and gas price projections for the three energy price cases and the central policy 
scenario, from 2013 to 2030. Electricity prices (dashed lines) begin at 105 £/MWh and gas prices (solid 
lines) begin at 37 £/MWh. 
 
Case study Baxter plant projections. In addition to per-unit energy prices, the model estimates costs 
and greenhouse gas emissions at the plant level through 2030. The results of the central case (central 
policy scenario and wholesale energy costs) for the case study Baxter plant are shown in Figure 7. The 
plant’s estimated annual energy cost is £1.95M in 2013, £1.58M from electricity and £0.37M from gas. 
The total energy bill of plant increases by 15% in 2020 to £2.2M, and by 28% in 2030 to £2.5M.  
The plant’s greenhouse gas emissions decrease through the modeling period. Starting with a release of 
7,321 metric tons CO2e in 2013, emissions decrease to 3,923 tons in 2020 and 2,936 in 2030, 
representing reductions of 46% and 60%, respectively, relative to the 2013 baseline.   
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Figure 7: Case study Baxter plant annual energy costs and greenhouse gas emissions under the central 
policy scenario and wholesale energy price case, from 2013 to 2030. 
 
Case study Baxter plant scenario and sensitivity analysis. Results of Baxter plant costs across all policy 
scenarios and enery price cases are presented in Table 4. All nine cases begin with the same cost in 
2013. In 2020, two cases share the low cost of £1,837,000/year, which is 33% less than the highest cost 
case of £2,738,000/year. In 2030, the lowest cost outcome occurs with the low policy and low energy 
case, estimated to be £1,961,000/year. This cost is 37% less than the highest cost outcome of 
£3,114,000/year. The range of 2030 outcomes is also compared visually to 2013 costs (Figure 8). 
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Annual Energy Cost Projections (£000's) 
Policy Scenario Energy Sensitivity 2013 2020 2030 
Central Central £1,945 £2,299 £2,496 
Central Low £1,945 £1,837 £2,141 
Central High £1,945 £2,563 £2,794 
Low Central £1,945 £2,229 £2,316 
Low Low £1,945 £1,837 £1,961 
Low High £1,945 £2,563 £2,614 
High Central £1,945 £2,404 £2,846 
High Low £1,945 £2,012 £2,491 
High High £1,945 £2,738 £3,114 
Table 4: Case study Baxter plant annual energy bill for milestone years 2013, 2020, and 2030, for all nine 
outcomes of policy scenarios and wholesale energy cost sensitivity. 
 
 
Figure 8: Comparison between 2013 case study Baxter plant energy costs and 2030 costs across all 
policy scenarios and wholesale energy cost possibilities. 
Application findings and interpretation 
Future energy prices. Some general conclusions can be drawn from the model’s energy price 
projections: 
 Electricity prices are expected to increase due to additional policy costs – Energy prices are likely 
to rise in the long-term due to climate change policies, even if regulations are weakened. 
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 Gas prices are largely unaffected by policies – Policies constitute a smaller proportion of natural 
gas prices, and future policy costs are expected to remain stable in all three climate change 
policy scenarios. 
 Electricity prices are moderately exposed to energy price uncertainty – Future electricity prices 
are relatively sensitive to the high and low wholesale cost cases. Changes in global fuel markets 
could significantly affect electricity rates, but long-term prices are expected to increase even in a 
low energy case. 
 Gas prices are highly exposed to global fuel markets – The unit price of natural gas is significantly 
impacted by wholesale energy cost sensitivity. Gas prices could see large long-term price 
increases or decreases based on global fossil fuel markets, and in particular, gas and oil markets. 
Case study plant findings.  
 Grid decarbonization favors electricity use in the long-term – The expectation that the average 
intensity of the UK’s power grid will decrease from around 500 gCO2e/kWh today to 100 
gCO2e/kWh in 2030 means that the model Baxter plant automatically reduce its carbon 
footprint by simply using standard grid electricity. However, in the short-term, the emissions 
intensity of natural gas is less than the UK’s grid.   
 Rising electricity rates favor energy efficiency and renewable energy projects – Because higher 
electricity prices are very likely in the long-term for all scenario and sensitivity combinations, 
there is additional motivation to pursue projects that will reduce exposure to these rising costs. 
Energy efficiency upgrades should see more rapid paybacks when considering future prices 
increases. On-site renewable energy projects will also provide long-term fixed electricity rates 
that are sheltered from rising policy and wholesale price increases. 
 Gas use hedges against future policies, but is highly exposed to fuel market volatility – Because it 
is cheaper than electricity and largely unaffected by future climate change policies, investment 
in natural gas infrastructure may be appealing to plant managers. However, future gas prices are 
highly uncertain in the near- and- long-term because of the range of outcomes possible for 
wholesale gas prices in the UK.   
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5: Results of Project Planner Application 
Model project construction. The analysis that follows is based on an example wind power project. The 
example project is calculated based on data from the International Renewable Energy Association 
(IRENA, 2012). The data includes estimates of the installation costs, capacity factor, and annual O&M 
costs for onshore wind farms installed in Europe. Using the midpoints of these ranges and a generation 
size of 1 MW, the example project is calculated to have an initial investment cost of £1,315,000, annual 
O&M costs of £30,000, and electricity savings of 2628 MWh per year. 
Additional plant assumptions. It was assumed that the project was installed in 2014, thus incurring the 
initial investment costs in that year. The benefits of the project, in terms of energy savings, accrued 
equally over the 16 year life of the project from 2015 through 2030. There is no depreciation of project 
assets over this time.  
Application results 
Financial and environmental returns. The results of the Project Planner Application detail the financial 
and environmental impacts of a project over time, as well as the sensitivity of these results to the policy 
scenarios and energy sensitivity. The primary outputs are the total cost savings (£000's), total GHG 
emissions avoided (MtCO2e), project NPV (£000's), and payback period (years), and internal rate of 
return. All outputs are given for the central policy scenario unless indicated otherwise. The outputs for 
the example project are displayed in Table 5. 
 
PROJECT PLANNER OUTPUTS 
Primary Model Outputs 
Wind Project         
Cumulative Energy Cost Saved (£000’s)   £4,790 
Cumulative GHG Emissions Avoided (MtCO2e)   6,270 
Project NPV (£000’s)       £1,258 
Payback Period (yrs)       4.93 
Internal Rate of Return     0.202 
          
Yearly Outputs 
  2015 2020 2030 
Energy Cost Saved (£000’s) £259 £292 £337 
GHG Emissions Avoided (MtCO2e) 807 365 192 
Table 5: Outputs for the example wind energy project of the Project Planner application. 
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As indicated in Table 5, the cumulative cost savings (£4,790,000) outweigh the costs of the project, 
driving a positive net present value (£1,258,000). Over the 16 year lifetime of the project, the 
cumulative emissions avoided are 6,270 MtCO2e.  
The outputs also contain cross sections displaying the costs and emissions avoided in the years 2015, 
2020 and 2030. The energy cost savings grow from £259,000 in 2015 to £292,000 in 2020 and finally to 
£337,000 in 2030, representing the rise in electricity costs over that time. In contrast, the GHG emissions 
avoided, in MtCO2e, drop from 807 in 2015 to 365 in 2020 and finally to 192 in 2030, representing the 
expected aggressive decarbonization of the UK electric grid. These trends are represented in Figure 9 
and Figure 10 found below, displaying the financial and emissions profiles of the proposed project. 
 
 
Figure 9: Cash flow for the proposed project, with the initial investment cost in displayed in red in 2014 
and the cost savings minus the annual O&M costs displayed in red from 2015 to 2030. 
 
40 
 
 
Figure 10: Yearly GHG emissions avoided as a result of the example wind project. 
 
Finally, a graph is generated to display the cumulative undiscounted costs of the project over time given 
the three policy scenarios and a “baseline” scenario in which the energy price is locked at 2015 prices. 
This graph allows for a total comparison of costs realized as a result of the policy scenarios without 
sensitivity analysis. The graph shows that by 2030, the spread between the high policy scenario and 
baseline scenario (£1.2 million) is roughly in line with the initial investment cost of the project (£1.3 
million). This spread represents a significant unaccounted for financial cost. Additionally, there is a 
significant cost spread between the low policy scenario and the baseline, showcasing a significant price 
increase when policies are considered, even in the case of the weakest policies. 
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Figure 11: The undiscounted cumulative costs of the example wind project for four scenarios. 
 
Sensitivity analysis. In addition to these results, sensitivity analysis is provided for all policy and energy 
scenarios. Table 6 shows the sensitivity results for the example project. The results show a range of NPV 
values from £806,000 to £1,858,000, a range of IRR values from 0.163 to 0.249, and a range of payback 
periods from 4.17 to 5.77 years. The range of values that are found within the confines of the scenario 
analysis display a measure of risk that is important to consider when interpreting the results. 
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PROJECT PLANNER OUTPUTS 
Sensitivity Analysis 
Policy Scenario Energy Sensitivity NPV (£000’s) IRR Payback Period (yr) 
Central Central £1,258 0.202 4.93 
Central Low £871 0.167 5.77 
Central High £1,595 0.232 4.36 
Low Central £1,193 0.199 4.93 
Low Low £806 0.163 5.77 
Low High £1,530 0.229 4.36 
High Central £1,521 0.220 4.66 
High Low £1,134 0.187 5.38 
High High £1,858 0.249 4.17 
Table 6: Financial feasibility metrics in the project planner application for all nine outcomes of policy 
scenarios and energy sensitivity. 
Application findings and interpretation 
Case study plant findings.  
 The financial feasibility of a project is sensitive to the policy scenarios and energy sensitivity laid 
out in the model. For the example wind project, the payback period has a spread of almost 2 
years depending on the considered world state. 
 Grid decarbonization is a significant factor to be considered if the goal of a project is to reduce 
emissions. If the UK follows projected grid emissions intensity goals, then the yearly emissions 
avoided as a result of an electricity-reducing project will be reduced by nearly a factor of 3 
between 2015 and 2030. 
 While the environmental paybacks of a project decrease over time, the financial paybacks 
increase as a result of rising energy prices. These two factors should both be considered in 
evaluating the goals of a reduction project.  
6: Extensions 
Implications for other regions 
As a large company with a global operations, the UK is responsible for only a small portion of Baxter’s 
footprint. The results of the model could therefore be of most use if they could be generalized to other 
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regions of the world. The UK was chosen for this model because the progressive climate policies enacted 
in the region make it an ideal case study for potential future impacts in other regions. However, 
uncertainty remains not only in the future of global climate policy but also in the relative price impacts 
in different regions. Therefore, a broad approach must be taken to investigate the applicability of the 
model to other geographic areas. 
Current state of carbon markets. Many current carbon markets have been fraught with problems. Cap 
and trade systems operate by setting the level of desired emissions and then allowing market forces to 
determine the price per ton of abatement. As a result, these systems are susceptible to unreasonable 
high or low prices if the level of allowable emissions are underestimated or overestimated, respectively. 
Over-allocation, and subsequent low carbon prices, has been a repeated problem in cap and trade 
systems. In 2007, prices in the EU ETS collapsed essentially to $0 as a result of over-allocation, leading to 
more restrictive allowances in the second phase in 2008 (Newell et al., 2013). A similar collapse 
happened in 2013, in part a result of the financial crisis, spurring European governing bodies to vote on 
backlogging 900 million allowances. This backlogging was done in hopes of creating scarcity, thus forcing 
prices upwards (Reed, 2013). 
Despite the failure to pass the Waxman-Markey bill, which would have established a national cap and 
trade program for GHG emissions in the United States, the California and RGGI sub-national systems 
have emerged. However, these systems have also not been without problems. In 2011, emissions in the 
RGGI system were 33% below the program cap as a result of large scale infrastructure trends towards 
unexpectedly cheap natural gas. Despite these drastically lowered emissions, the market did not 
collapse because of a price floor built into the RGGI system (RGGI, 2012). Price floors, which are also 
present in the California system, are designed to prevent market shocks, not to drive the cost of carbon 
as is the case in the UK market. The relative costs of these US markets are small compared to the UK, 
currently trading at $4/metric ton, as sub-national programs are particularly susceptible to leakage 
concerns (RGGI, 2013; Farber, 2012).  
There have also been issues with the Clean Development Mechanism used to generate offsets in 
countries outside of the provisions of the Kyoto Protocol. Although the CDM was a founding piece of 
international carbon markets, the usefulness and effectiveness of international offsets has been called 
into question over time. For forestry projects, it is difficult to prove that reforesting one area, and thus 
generation ERUs, is not directly correlated with deforestation in another area. The system can also 
create perverse incentives, as has been the case with HFC-23, a refrigerant that has 10,000 times more 
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GHG potential than carbon dioxide. As a result of this high GHG potential, many organizations were 
incentivized to increase HFC-23 emissions just to benefit financially from future reductions. As a result of 
these problems and fewer available “low-hanging fruit”, CDM markets have experienced a decrease in 
issued credits over time since 2007. In late 2012, due to uncertainty about the market’s future, prices 
collapsed to near zero (Newell et al., 2013). 
Linking markets. Despite the current fractured state of carbon markets, many believe that the future 
lies in a globally linked approach (Ranson and Stavins, 2013). A linked global carbon market would 
provide greater stability and ensure more equal contributions from all countries. However, many 
obstacles exist for effective linking. Primarily, each market is currently structured differently, with 
differences in price floor, price ceiling, covered entities, method of allowance distribution, rules for 
offsets, and many others. All of these inconsistencies must be reconciled in order to allow for linking. 
Additionally, given the current struggling state of carbon markets, it is unclear whether or not linking 
would truly provide additional stability. Despite these difficulties, there has been some success in recent 
years in connecting regional markets, such as the linkage between the California and Ontario markets 
(McCarthy, 2014).  
Applying the model. Given the uncertainties that surround carbon markets, the differences in structure, 
and the fundamentally different energy infrastructures, it is difficult to directly apply the model to other 
geographic areas. The model was designed specifically for industrial energy users in the UK, given UK 
policy and wholesale electricity costs. Therefore, each component of the energy bill is subject to change 
when moving into different geographic areas.  
However, given that the user can set the price of electricity in the first year of the model, and given that 
the wholesale price is driven primarily by the global price of fossil fuels, some consistency can be 
maintained in the model. Although the UK has many policies in place beyond the market-driven carbon 
cost, the user can use graphs such as Figure 4 to match their local policies to those exhibited in the UK.  
The user can also use the model to derive the expected costs from a local carbon market. If the user is 
modeling an area with a sub-national program such as RGGI, they should follow the market projections 
from the Low Policy scenario. The costs in this scenario are the most analogous to the modest pricing 
exhibited in sub-national programs that are concerned about leakage. For national or multi-national 
programs, the user should follow the market projections from the Central Policy scenario. These 
projections, which stay low through 2020 and then rise towards 2030, are based on the expected ETS 
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price and are most likely to align with a large scale market system. The High Policy scenario should only 
be applied to regions that have an aggressive policy regime such as that exhibited in the UK with the 
Carbon Price Floor. 
7: Recommendations 
This project was undertaken to inform Baxter on global trends in carbon markets and carbon pricing. 
While the analysis was focused on electricity pricing in the UK, carbon pricing is a global issue with 
increasing applicability across all sectors and factors of production. As these programs continue to be 
expanded and introduced in new areas, we expect every aspect of Baxter’s business to be impacted. 
This analysis therefore serves as a precursor to introducing carbon driven decision-making across all of 
Baxter’s supply chain. The model is designed to be a tool for education, allowing executives and plant 
managers alike to plot their operations in the long term and to better understand the potential for 
action.  
Face competition. A natural consequence of strict climate policies is leakage of emissions through the 
migration of businesses and their operations outside of the covered areas. While Baxter can choose to 
relocate, we suggest that the company maintain their operations within the UK regardless of policy 
outcomes. The main reasons for this decision are as follows: 
 Baxter has historically been a leader in sustainability. If the company leaves the country because 
the climate policies are too strict, it will undermine the reputation that Baxter has developed as 
an innovative company striving for sustainability successes.  
 Baxter’s primary UK client, the NHS, is creating higher standards for sustainability amongst its 
suppliers. If the company wants to maintain its relationship with the NHS, it will need to meet 
sustainability standards similar to those incentivized via the current UK policies. 
 The policies will aid Baxter in meeting internal sustainability goals. These policies, and primarily 
the decarbonization of the electric grid, will drive significant emission reductions for Baxter in 
the future without the need for separate financing or action.  
 The UK can be treated as R&D for other areas in the future. The methodologies and 
technologies used to tackle these problems can be employed again when encountering similar 
issues in other geographic areas in the future. Thus, while costs in the UK will increase in the 
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short term, in the long term Baxter acquires institutional knowledge for managing future 
markets. This may create a competitive advantage in other locations in the future, as Baxter will 
be immediately prepared to take the necessary action to address emerging carbon pricing in 
those areas. Additionally, the knowledge acquired throughout the process can immediately be 
revised and implemented for other aspects of Baxter’s operations as a measure to reduce the 
carbon-intensity of the supply chain. 
Reconsider approach to valuation of investments. Like many companies, short-term profitability is the 
key metric for assessing potential investments and managerial performance at Baxter. While these 
measures, such as net present value and internal rate of return, are effective in quantifying financial 
value, they can undervalue the intangible benefits of certain decisions. This dilemma is likely for projects 
that reduce greenhouse gas emissions, which can reduce costs in the long-term, mitigate exposure to 
future emissions regulations, and support corporate sustainability objectives, but are unable to meet 
required hurtle rates for approval. In this case, there is an incentive misalignment for plant managers 
seeking to maximize profitability while forgoing difficult to quantify benefits that stand to benefit both 
the plant and the company in the long-term. 
Baxter should consider alternative investment valuation approaches that consider long-term and 
intangible benefits. In regions where climate change regulations are a material threat, corporate 
strategy should give more attention to projects that deliver emission reductions. These investments will 
offer the best triple-bottom line returns. A simple approach is to lower the discount rate of projects 
meeting sustainability criteria. For example, a cogeneration plant might use an 8% discount rate instead 
of the company’s normal 15% rate. Multiple discount rates could be established for different project 
categories. It is simple to understand and integrate in decision making. A more comprehensive approach 
is to develop a tool that quantifies the intangible benefits of a project in addition to financial 
performance. A “materiality matrix” of sustainability issues important to Baxter and external 
stakeholders could serve as the touchstone for scoring intangible project benefits. 
Avenues for future research. There are many ways to build upon and translate this research. As 
described in the previous paragraph, companies like Baxter could benefit from a quantitative tool for 
evaluation both the financial and intangible attributes of an investment. The tool could be used by plant 
managers to make the case for projects that are difficult to justify with standard metrics but offer value 
to the plant and company in other ways.  
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This work evaluated climate change policies in the UK, an important country for Baxter’s operations and 
sales, and a possible indicator for other countries. However, the development and implementation of 
GHG emission regulations is highly specific to the politics, economics, and infrastructure of each country. 
Future work could expand the policy analysis and cost modeling to other key markets for Baxter. 
The model presented here was designed to provide Baxter with an easy to use tool that would show 
future policy costs and support preliminary energy project evaluations. There are many opportunities to 
improve the fidelity and functionality of the model to offer more value to Baxter employees. The model 
could incorporate real options to allow probability-weighted analysis of future policy and energy 
scenarios. Another area of interest is the ability to control the year that an energy project is 
implemented. Finally, in addition to energy price sensitivity, there would be value to adding sensitivity 
to projections for grid carbon intensity, which is relatively uncertain in future years.  
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B: Guidance for using the model 
Application 1: Plant Forecaster 
 
 
Application 2: Project Planner 
 
 
  
Plant Aspect Default Input
Plant Name UK Plant BioScience
2013 Electricity Use (MWh/year) 15,000 15,000
2013 Gas Use (MWh/year) 10,000 10,000
Plant Aspect Default Input
Electricity
Annual Change (% of use) 0% 0%
2013 Price (£/MWh) £105 £105
Proportion of Electricity
Standard grid 79% 79%
Renewable electricity 21% 21%
Gas
Annual Change (% of use) 0% 0%
2013 Price (£/MWh) £37 £37
PLANT FORECASTER INPUTS
Primary Model Inputs
Secondary Model Controls
Model Input
Example
1315
Annual O&M Cost (£000's) 30
2628
0
Investment Aspect Default Model Input
Discount Rate 8% 8%
Project Name
PROJECT PLANNER INPUTS
Project Aspect
Investment Inputs
Initial Investment (£000's)
Electricity Savings (MWh/yr)
Project Parameters
Gas Savings (MWh/yr)
Enter basic plant 
information into the 
input column of the 
“Primary Model Inputs” 
section 
(Optional) Enter 
additional information 
into the input column of 
the “Secondary Model 
Controls” section 
Enter project 
information into the 
input column of the 
“Project Parameters” 
section 
Enter project discount 
rate into the input 
column of the 
“Investment Inputs” 
section 
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C: Wholesale energy price projection analysis 
The DECC’s energy price cases were compared to other projections and historical prices. The DECC’s 
central wholesale gas price projection is similar to projections by the IEA and National Grid, with prices 
stabilizing around 2.5 pence/kWh by 2020 (Figure C1). In the high case, gas prices continue to follow the 
rising trend seen between 2005 and 2012, and stabilize at a higher rate of 3.6 pence/kWh. The low price 
case sees a sharp decline from current trends and a stabilization around 1.4 pence/kWh. While direct 
comparisons to the DECC’s high and low cases weren’t available, the spread of prices is reasonable when 
compared to historic trends. 
 
 
Figure C1: UK wholesale gas price history and projections. Historic gas rates are shown from 2000 
through 2012. The DECC central, high, and low cases in solid lines are presented against projections by 
the IEA and National Grid (NG). IEA projections are for the EU region. (DECC, 2013c; IEA, 2013; National 
Grid, 2011) 
 
Because wholesale electricity prices aren’t publicly available, comparisons to the DECC’s electricity price 
projections used average retail electricity prices for industrial customers (Figure C2). In the central case, 
electricity rates rise through the mid-2020’s before stabilizing around 14 pence/kWh. This projection is 
slightly higher than the DECC’s 2012 projection but similar to projections by the Committee on Climate 
Change. In the DECC low case, electricity prices rise at a slower rate and stabilize around 12 pence/kWh, 
while the high case sees rates approaching 16 pence/kWh in the late 2020’s. 
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Figure C2: UK industry average retail electricity price history and projections. Historic electricity rates are 
shown from 2000 through 2012. The DECC central, high, and low cases in solid lines are presented 
against projections by the Committee on Climate Change and the DECC’s previous central case.  DECC, 
2013c; DECC, 2012; Committee on Climate Change, 2012)  
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